Rapid isolation and confirmation methods for Listeria monocytogenes in foods are urgently needed because foods have been implicated in all of four listeriosis outbreaks investigated between 1981 and 1988 (1, 11, 26, 34) . With the cold enrichment procedure, it may take as long as 6 months to isolate L. monocytogenes from contaminated food and environmental samples (13, 15, 19) . The use of recently developed selective enrichment and plating methods (27, 29, 38) significantly reduces the time required for isolation and confirmation. However, the procedure still requires 2 to 3 days for presumptive positive results. After initial isolation, an additional 2 to 4 days are required to confirm suspect colonies on selective agar plates by biochemical and serologic tests (36) . The long time required for confirmation of L. monocytogenes by traditional methods presents problems in the quality control of semiperishable food commodities.
Enzyme immunoassays based on monoclonal antibodies (4, 8) and nucleic acid hybridization assays using DNA probes (6, 21, 22) have been explored as alternatives for rapid detection and confirmation of Listeria spp. in foods. The monoclonal antibodies that have been developed so far are not specific for L. monocytogenes, but are Listeria genus specific. Currently available nucleic acid hybridization assays either are not species specific or use 32P-labeled DNA probes which pose safety, disposal, and license requirement problems for the users (25) .
Flamm (9) cloned a 5.2-kb fragment of the chromosomal DNA of L. monocytogenes serotype 1/2a, thought to contain the gene coding for beta-hemolysin, into pBR325. The constructed plasmid was designated pRF102. An internal HincIl and HindIII fragment (reported by Flamm to be approximately 500 bp in size) of the L. monocytogenes DNA insert in pRF102 was cloned into pUC8, and this construction was designated pRF106. The pRF106 fragment was used as a DNA probe to detect L. monocytogenes in a Southern blot format (10) and in a colony blot format (5) . Investigators in these studies reported that the probe was specific for L. monocytogenes. However, we found that the pRF106 fragment cross-hybridized to the DNA of a food isolate of L. seeligeri (20) .
In this investigation, the pRF106 fragment was subcloned into M13 bacteriophage vectors (17) and purified by cesium chloride-ethidium bromide density gradient centrifugation (28) .
Ligation and transformation. Plasmid pRF106 was di- F4246  F4263  F4259  F4245  F4260  F4398  F1707  F4234  F4244  F4262  F4264  F4393  F1067  F4247   F4248   F4076  F4077  F4081  F4084  F4856  F4882   F5761   F4082   F4083  F4085  F4086  F4087   F5950   F5937   F5944   F5942  F5946  F5940   F5947  F5943  F5952  F5953   F5939  D1233   F5949   F5948 5 x SSC-5 x Denhardt solution (0.02% Ficoll, 0.02% polyvinylpyrrolidone, and 0.02% bovine serum albumin)-0.5% SDS. Hybridization of digoxigenin-labeled MspllO (200 ng) with target DNA was done at 50°C in 5x SSC-0.1% N-lauroylsarcosine-2% SDS-0.5% blocking agent (Boehringer Mannheim). Two hybridization times (2 h and overnight) were evaluated for digoxigenin-labeled MspllO. After hybridization, the membranes were washed in 2x SSC-0.1% SDS for 20 min at 50°C, which corresponded to a stringency of Tm -14°C (32). Immunologic detection was done with anti-digoxigenin antibodies conjugated to alkaline phosphatase (Boehringer Mannheim). The substrates for alkaline phosphatase were nitroblue tetrazolium salt and 5-bromo-4-chloro-3-indolyl phosphate toluidinium salt.
Optimization of the colony hybridization time. Hybridizations of 2 and 16 to 18 h were tested to determine whether the hybridization period could be reduced without affecting sensitivity. L. monocytogenes cells were serially diluted with 0.01 M phosphate-buffered saline (pH 7.2), and approximately 300 cells were plated on LPM agar and incubated at 35°C for 40 h. The colonies were then transferred to nylon membranes, microwaved, and hybridized with digoxigeninlabeled Mspll0.
Nucleotide sequence accession number. The sequence of the pRF106 fragment has been submitted to GenBank. The accession number is M62749.
RESULTS
Nucleotide sequence of the pRF106 fragment. The pRF106 fragment contained 321 bp and had a guanine-plus-cytosine content of 37%. The nucleotide sequence of the 321-bp pRF106 fragment is shown in Fig. 1 Background problems were not encountered with the digoxigenin-labeled oligonucleotide probes (Fig. 3) .
DISCUSSION
The guanine-plus-cytosine content of the pRF106 fragment compares well with that for L. monocytogenes, which has been determined to be 36 to 38% (36) . The sequence of the pRF106 fragment had an open reading frame, indicating that it could be the internal fragment of the coding sequence for a regulatory or structural gene. Initially, Flamm (9) thought that the pRF102 insert DNA (5.2-kbp) contained a gene that encoded a 60-kDa beta-hemolysin of L. monocytogenes. However, after Mengaud et al. (30) cloned and sequenced the hlyA gene of the beta-hemolysin of L. monocytogenes, Flamm et al. (10) suggested that the L. monocytogenes DNA insert (5.2 kb) in pRF102 codes for a 60-kDa major secreted polypeptide and termed the gene msp. Recently, Kuhn and Goebel (24) reported that a 60-kDa protein is involved in the invasion of nonprofessional phagocytic cells by L. monocytogenes. Kohler et al. (23) sequenced an invasion-associated protein gene (iap) which codes for a 60-kDa protein of L. monocytogenes, compared it with the sequence of oligonucleotides derived from the pRF106 sequence (6) , and reported that the pRF106 fragment may be an internal fragment of the iap gene. Our data show that 98.7% sequence homology exists between the nucleotide sequence of the pRF106 fragment and the iap gene, indicating that the pRF106 fragment is an internal fragment of the iap gene. The four differences observed between the two sequences could be attributed to either errors in reading the sequences or perhaps differences between the strains. The iap sequence was determined for L. monocytogenes EGD serotype 1/2a, whereas the pRF sequence was determined for L. monocytogenes 10403 serotype 1/2a.
We utilized the sequence information of the pRF106 fragment to synthesize oligonucleotide probes that could be used for the rapid and specific detection of L. monocytogenes. The use of oligonucleotides as DNA probes has several advantages. Because the probes are shorter (typically 10 to 50 bases), hybridization to target DNA occurs at a faster rate than with cloned probes, which are usually 200 bp or more. Very small (nanogram) quantities of the oligonu- (Tm -5°C) were used (20) . Although MspllO was derived from the pRF106 fragment sequence, MspllO did not hybridize to the same strain of L. seeligeri under stringent hybridization conditions.
Datta et al. (6) used an oligonucleotide derived from the pRF106 fragment sequence to develop a colony hybridization assay for L. monocytogenes. Interestingly, their probe (20-mer) and MspllO (21- Using a Digoxigenin-Labeled Synthetic Oligonucleotide Probe" (3) was most interesting. However, certain statements made in the paper need further clarification.
The difference between MspllO and our probe AD07 (20-mer) is the total number of nucleotides. There is no mismatch between these two probes. The only difference is that MspllO has an extra T at the 5' end of the molecule because, unlike AD07, it is 21-mer and not 20-mer. The following sequence comparison clarifies this point.
MspllO 5' T TGA CAG CGT GTG TAG TAG CA 3' AD07 5' TGA CAG CGT GTG TAG TAG CA 3'
The statement by Kim et al. (3) that our probe (AD07) hybridized to L. seeligeri, whereas MspllO did not, is misleading. Our probes (AD07 and AD03) are, in fact, specific for L. monocytogenes. Except for one strain, none of the L. seeligeri strains (19 tested) hybridized with them (2). Our probe results initially indicated that the identification of this particular L. seeligeri strain might be incorrect. We examined the strain further and found it to be rhamnose positive and xylose negative. It also hybridized with the listeriolysin 0 probes specific for L. monocytogenes (1) . Thus, it appeared that the particular strain was mislabeled as L. seeligeri and should be L. monocytogenes, as we suggested (2).
